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INTRODUCTION
Microbial polysaccharides possess rheological properties that are conducive to industrial applications and can be produced in large quantities and at high levels of purity. The interest of the food industry in developing multifunctional additives that not only provide the desired improvement of food texture but also have additional nutritional properties led to an extensive search for polysaccharides with prebiotic attributes (Korakli et al. 2003) .
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The exopolysaccharides (EPSs) are composed of secondary metabolites produced when some microorganisms are not in conditions favorable to their proliferation (Mesomo et al. 2009 ). EPSs consist of monosaccharides and may include noncarbohydrate constituents, such as acetate, pyruvate, succinate and phosphate (Pace 1992) . Because EPSs form long linear or circular chains, they exhibit high molecular weight (Laws et al. 2001) .
EPSs are produced intracellularly and extracellularly. Research investigating industrial applications is concentrated on the extracellular polysaccharides, which have simpler extraction and purification processes and can be produced in greater quantities (Sutherland 2002) .
Most lactic acid bacteria are harmless to human health, and under optimal conditions, many species are capable of producing EPSs in large quantities, providing a suitable option in the use of this polymer in products intended for human consumption (Ricciardi and Clementi 2000, Laws et al. 2001) . Various steps are employed to obtain the EPSs produced in microbial cultures that involve a combination of extraction, purification and quantification techniques (Galindo 1994) .
The identification and characterization of polymers requires physical-chemical, mechanical and thermal stresses. Polymers can also be identified by rheological techniques and immunological assays (Rohm Haas Company 2002) . Generally, three to five of these techniques are employed in combination for the characterization of polymers (Lucas et al. 2001 , Silva et al. 2003 .
There is a strong incentive to exploit microbial polysaccharides commercially, as they possess specific properties of considerable biotechnological interest, with possible applications in foods as thickening and gelling agents and in clinical trials as plasma thickening agents (Bohn and Bemiller 1995, Berovič et al. 2003) . However, the biological activity of EPS is related to physical-chemical properties (Leung et al. 2006 , Young and Jacobs 1998).
Due to the wide application of biopolymers, this study aimed to produce native exopolysaccharides strains of Leuconostoc pseudomesenteroides R2, identify and characterized them for industrial applications.
MATERIALS AND METHODS

MATERIALS
Sucrose and trichloroacetic acid were purchased from Sigma (Sigma Chemical Co., St Louis, MO, USA). All other chemicals used were of highquality analytical grade.
PRODUCTION OF EXOPOLYSACCHARIDES BY
MICROORGANISMS
We used a bacterial strain isolated from cabbage collected in the semi-arid region of Bahia that we identified by a molecular method (16S rRNA) as Leuconostoc pseudomesenteroides. This strain does not present the virulence factors hemolysin and gelatinase, which are present in the pathogenic Gram-positive coco bacteria.
PRODUCTION OF EXOPOLYSACCHARIDES
For inocula, aliquots of 1% of the active culture of the L. pseudomesenteroides R2 strain, which is proliferative in MRS broth, were employed, with an absorbance of 1.92 ± 0.01 at 600 nm that corresponds with approximately 4.0 x 10 8 CFU / mL of bacteria.
For culture conditions, we employed the conditions previously optimized for the production of EPSs by the L. pseudomesenteroides R2 strain: 10.7% sucrose, pH 8.2, without aeration, and incubation at 28°C for 30 h (Guimarães et al. 1999) .
For the extraction of exopolysaccharides, after the incubation period, the culture was treated with 10% trichloroacetic acid (1:1), homogenized for 30 min in the incubator shaker (Marconi MA420) at 90 rpm and 25 ± 2°C and then centrifuged at EXOPOLYSACCHARIDES PRODUCED BY NATIVE Leuconostoc 8150 g for 20 min (refrigerated centrifuge Sorvalo, GS-3 rotor). The pelleted material was discarded, and absolute alcohol (1:2) was added to the supernatant, which was stored in the refrigerator (4°C) for 24 hours (Cerning 1995) . The EPS precipitates were separated using decantation flasks. Each precipitate was partially purified by conducting three successive washes in distilled water, followed by reprecipitation in absolute alcohol (Pace 1992). Subsequently, the precipitates underwent dialysis in distilled water (300 times the volume of the sample) by adding in membranes with an exclusion limit of 15 kDa (Ashtaputre and Shah 1995 , Diltz and Zeller 2001 , Chi and Zhao 2003 . The EPS precipitates were dried in an oven at 40 ± 2°C to a constant weight after being crushed in a Splabor analytical model Q298A21 mill. The EPSs in the form of powder were stored in airtight glass jars at 4°C until the time of analysis.
The EPSs were quantified using procedures of Ruijssenaars et al. (2000) , which were employed concomitantly to determine the total sugar by the phenol sulfuric method (Dubois et al. 1956 ) and reducing sugar (RS) by the dinitrosalicylic acid method (DNS) described by Miller (1959) . For these tests, 0.001 g of each type of precipitate (EPS I and EPS II) was dissolved in 100 mL of water.
The EPS levels in the concentrates were determined by subtracting the concentration of total sugar by the concentration of reducing sugar (EPS = AT -AR).
STRUCTURAL IDENTIFICATION OF EXOPOLYSACCHARIDES
Scanning Electron Microscope (SEM): The samples dried in powder form (dried at 40 °C to constant weight) were observed under a "field emission" scanning Gemini Leo -982 Zeiss Leica microscope at the Environmental Microbiology Laboratory of Embrapa Environment.
For NMR data acquisition and processing, all spectra were recorded at 298 K on a Varian UNITYplus spectrometer operating at 9.4 T, obser- All experiments were performed in the Department of Chemistry (DQ) -Laboratory of Nuclear Resonance Magnetic -Federal University of São Carlos (UFSCar).
For FT-IR spectrometry, the analysis was processed on a Spectrum One -FIT -IR Spectrometer -Perkin Elmer. The spectra were obtained in the form of a potassium bromide tablet (KBr) in 4000 to 450 cm -1 .
For thermogravimetric analysis (TGA), performed at the Institute of Chemistry at Federal University of Bahia, a thermo balance TGA-50 (Shimadzu) was employed, with pots of Pt, N 2 flow 50 mL min -1 with a heating rate of 20°C / min 20-600°C and with masses between 7.0 and 8.0 mg. Data were analyzed by applying the method of Freeman-Carroll to obtain the kinetic parameters related to the degradation of polymeric material, which requires the calculation of various derivatives that were obtained graphically with the aid of a computer software. For apparent viscosity, samples of dried EPSs were dissolved in 10 mL of distilled water at 1% and 5% (w/v). We used 8 mL of aqueous preparations of EPSs for determinations of viscosity, which were performed in a Brookfield model DV-III digital rheometer coupled with a water bath stabilized at a temperature of 25 ºC using the SC4-18 adapter stem for small samples. The determination of viscosity was performed in 30 points at 1-minute intervals with a reading duration of 10 seconds and a shear rate ranging 1 to 15.5 s -1 , with speeds ranging from 1-12 rpm. The viscosity measurements were performed according to the shear stress and shear
rate applied to the samples. The readings were interpreted as per millipascal seconds (mPa -s ).
For testing the solubilization of EPS, the method used by Astolfi-Filho et al. (2005) was employed with some modifications. One gram of ground polymer (powder) was added to 100 mL of distilled water. The mixtures were shaken in a shaker (model mark Marconi MA420) at 25 °C and 150 rpm. We measured the time required for the dissolution of each sample to the point at which they were no longer viewed as solids. The absence of lumps was determined with the microscope.
For the density of free packaging, the volume occupied by about 10 g of crushed EPS (dust) deposited in a 100 graduated cylinder was measured. We lightly struck the cylinder against a flat surface from a height of 2.5 cm until the volume occupied by the powder reached a constant value, which was applied to calculate the density using the following formula: Dap = mass (g)/apparent volume (mL) (Astolfi-Filho et al. 2005) , where Dap is gross density, which corresponds to the volume occupied by a given mass of a solid (powder or granular) including the air contained in intragrains.
RESULTS AND DISCUSSION
EXTRACTION AND PURIFICATION
The process of the extraction of EPSs from the fermented broth of L. pseudomesenteroides R2 after 30 h of incubation yields EPSs in the form of a viscous and light-colored gel with abundant gas production. In the extraction of EPSs with absolute ethanol, EPS I formed a surface phase and EPS II formed a sediment at the bottom of the beaker. The EPS I phase was crowded, spongy and whitish in color (Figure 1.a) , exhibiting greater dry weight (97%) when compared with the EPS II phase (83%), which consisted of a viscous liquid and brown color (Figure 1.b) . The precise concentration of the dry weight of EPS I was 83.0% ± 9.6, and that of EPS II was 82.5 % ± 4.6. et al. (1974) classified types of dextran exopolysaccharides produced by 96 bacterial strains, not only by structural and rheological characterizations, but also by physical appearance after the preparation with alcohol.
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In scanning electron microscopy, EPS I appeared as a compact substance and EPS II presented a brittle film (Figure 1.a1 and Figure 1 .b1, respectively). Polymers of high molecular weights form viscous solutions, and evaporating the solvents of these viscous solutions results in the formation of films (Misaki et al. 1980) .
The EPS I dried, crushed and dissolved in water at low concentrations assumes the form of a gel that is characteristic of a polymer hydrogel or hydrocolloid. The hydrogels exhibit a strong affinity for water, due to the presence of hydrophilic groups such as -OH, -COOH, -CONH2 and SO 3 H (Aouada et al. 2008 ).
IDENTIFICATION OF EXOPOLYSACCHARIDES
The FT-IR spectrum of the exopolysaccharides (EPSs) (Figure 2 ) produced by the bacterium Leuconostoc pseudomesenteroides R2 indicated an intense absorption band in the region of 3413 cm -1 on the stretching vibration of hydroxyl groups of links at 4.95 ppm, and the branched linkages contained the resonance peak at 5.3 ppm. In the 1H NMR spectrum of EPS showed a resonance at 4.99 ppm, confirming that the substance does not have ramifications. The 13 C NMR spectrum of the exopoly saccharide EPS I is shown in Figure 4 . C-1 was observed at δ 100.6 ppm; C-2 at δ 74.3 ppm; C-3 at δ 76.3 ppm; C-4 at δ 73.0 ppm; C-5 at δ 72.4 ppm; C-6 at δ 68.4 ppm.
13 C NMR resonances with in the δ 70 to 77 ppm region are associated with free positions at C-2, C-3 and C-4 residues. No additional peaks were observed in the region of δ 77 -85 ppm, indicating that the absence of branched linkages and confirming that the dextran synthesized by Leuconostoc pseudomesenteroides R2 is a highly linear dextran with α(1→6) glycosidic bonds (Seymour 1979 , Uzochukwu et al. 2002 .
The chemical shifts of the carbons were confirmed by the analysis of the DEPT-135 spectrum. The spectrum showed five signals of methine carbons (CH) referring to the carbons C-1, C-2, C-3, C-4 and C-5, and a single carbon (C-6) concerning the methylene group (CH 2 ).
Using IR, 1 H,
13
C and DEPT-135 NMR data and literature data (Table I) , we concluded that the polysaccharide EPS I produced by the bacterium Leuconostoc pseudomesenteroides R2 corresponds to a linear polymer formed by repetition units of 1-6-α-D-glucosyl residual.
In addition to the literature data used to confirm the structure of the EPS I as dextran, we also performed a 13 C NMR experiment with D-glucose with the free hydroxyl (OH) group and compared their chemical shifts with the repeating unit glucosyl (C-O-) polymer. This difference in the values of the chemical shifts of carbons is due to different chemical environments in which they are found in certain compounds. In the molecule of glucose, C-1 and C-6 hydroxy groups are linked to (OH), and 
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in dextran α (1 → 6) they are linked to glucosyl groups (CO -) or glucosidal α (1 → 6). However, for the remaining carbons (C-2, C-3, C-4 and C-5), chemical shift values are not as distant, as they are in the same chemical environment of both substances (both linked to hydroxyl groups (O-H).
Data from experiments with 1 H, 13 C and the DEPT-135 NMR spectra, when compared with the literature, leads to the conclusion that I substance polysaccharide (EPS I) produced by the bacterium Leuconostoc pseudomesenteroides R2 corresponds to a linear polymer composed of repeats of units of residual 6-α-D-glucosyl. The 1 H NMR spectrum of the exopolysaccharide EPS II ( Figure 5 ) also showed signals of hydrogens that corresponded to the glucosyl residue. The carbonyl hydrogens of D-glucopyranose (H-4) were observed as a triplet (t) in δ 3.51 ppm, with a constant coupling (J) of 9.6 Hz; H-2 was observed in δ 3.57 ppm as a doublet of doublets (dd), with J of 9.7 and 3.3 Hz; H-3 was observed in 3.72 ppm as a doublet of doublets (dd), with J of 9.8 and 9.3 Hz; H-5 was observed in δ 3.90 ppm as a broad doublet (brd), with J = 8.6 Hz; and H-6 was observed in δ 3.98 ppm as a broad doublet (brd), with J of 8.5 Hz. Finally, a doublet was observed in δ 4.97 ppmt (J = 3.1 Hz) due to anomeric hydrogen (H-1). The 13 C NMR spectrum of the exopolysaccharide EPS II is shown in the Figure 6 . C-1 was observed at δ 100.6 ppm; C-2 at δ 74.3 ppm; C-3 at δ 76.3 ppm; C-4 at δ 73.1 ppm; C-5 at δ 72.5 ppm; C-6 at δ 68.5 ppm. These results also confirm that EPS II as dextran α (1 → 6). J -Coupling constant (in Hz -Hertz). Table I . The analysis of exopolysaccharides produced by the Leuconostoc pseudomesenteroides R2 strain by infrared, 1 H, 13 C and DEPT-135 NMR spectra indicated that it is a dextran, confirming the production of this polymer by the Leuconostoc pseudomesenteroides R2 strain. The term dextran is employed to describe a large class of bacterial extracellular polysaccharides. The diversity within this class of biopolymers is due to the wide variety of microorganisms that produce extracellular dextran, including a wide variety of bacteria in the Lactobacillacea family and, particularly, in the genera Lactobacillus, Leuconostoc and Streptococcus (D.S. Aquino, unpublished data), when grown in media containing sucrose. Among the main species producing this polymer are the Leuconostoc dextranicum and Leuconostoc mesenteroides (Negro 1999) .
The dextran produced by bacterial fermentation is called native dextran and has a high molecular weight. Obtaining dextrans with lower molecular masses for specific applications is possible through enzymatic processes (D.S. Aquino, unpublished data).
According to Alsop (1983) , the precipitated dextrans are different depending on the concentration of ethanol used to form dextran with high or low molecular weight, and various fractions of the polymer can be formed, depending on the concentration of ethanol used.
Other factors also affecting the formation of various fractions of dextran include the pH and the medium composition.
Thermogravimetric analysis of dextrans extracted from the culture of L. pseudomesenteroides R2.
The graph presented in Figure 7 represents the results of thermogravimetric analysis of the precipitates of dextrans (EPS I and EPS II) obtained from the fermentation broth of L. pseudomesenteroides R2 and indicates that the mass loss of all precipitates was similar. At a temperature of ± 300°C, about 20% mass loss was found, but with a temperature of ± 350°C this loss reaches ± 70%, indicating decomposition of the sample. . In polymers, light elements generally dominate, namely C, H, N and O. Moreover, their covalent atomic bonds are prone to the existence of dense atomic packing (Misaki et al. 1980) . Determination of viscosity: Figure 8 represents the 14:15 rheograms corresponding to EPS I and EPS II, respectively, at concentrations of 1% and 5%. The behavior of the viscosity of solutions of dextran is quite variable, due to the great flexibility of the structure of this class of polymer. Solutions of dextran with concentrations of up to 5% (w/v) exhibit Newtonian behavior. Above this concentration, solutions may demonstrate non-Newtonian behavior (D.S. Aquino, unpublished data). In solution, both exopolysaccharides presented a pseudoplastic behavior as the apparent viscosity decreased with an increasing shear rate. According to the literature, this behavior is expected in polymer solutions of microbial polysaccharides (Berwanger et al. 2007 ).
The dextran produced by Leuconostoc has usually no Newtonian pseudoplastic behavior. According to Sebatie et al. (1986) , the pseudoplastic behavior of dextran is related to the alignment of chains in a linear fashion, followed by hydrogen bonds between molecules and the increasing in viscosity when the production of this polymer is held at low temperatures, suggesting that there is a relationship between the temperature at which dextran is synthesized and its molecular structure. Dextrans produced at low temperatures appear to be less branched and more viscous. Table II shows the highest viscosity, at two concentrations (1% and 5%), of EPS I and EPS II when compared with the same shear rate (1.50 s -1 ). Parameters that affect the viscosity of dextrans include the type of molecular structure and the concentration of polymers (Greenfield and Geronimos 1982) . Specifically, viscosity will be greater with a higher molecular weight of dextran.
The results presented in Table II agree with a prior study, which observed that the viscosity of the solutions becomes higher with an increasing concentration.
Among the parameters that affect the viscosity of dextrans we have the type of molecular structure and the concentration of polymers (Greenfield and Geronimos 1982) . The viscosity will be greater with a higher molecular weight of dextrans.
Solubilization of exopolysaccharides: The sample of dextran corresponding to EPS I indicated total dissolution in distilled water at 25°C after 1 hour, while the corresponding EPS II exhibited some solid particles over this interval of time and was completely dissolved in 2 hours and 30 minutes. The solubility of dextran can vary according to the lineage that produced it. The degree of branching affects dextran's solubility in water, with large numbers of Links 1-6 increasing the solubility of the polymer in water and indicating high stability under acidic and alkaline conditions, whereas large numbers of connections decrease this solubilization (D.S. Aquino, unpublished data). 
CONCLUSION
In this study, the Leuconostoc pseudomesenteroides R2 strain produced two types of dextran polymers, identified as α ( 1→ 6 
